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Abstract. This paper presents the effect of plasterboard joints on the fire performance of cold-formed 
steel walls. Plasterboard joints are unavoidable. However, they can be arranged in a way that they do 
not significantly influence the fire performance of cold-formed steel walls. Hence a research study into 
the effects of plasterboard joints on the fire performance of plasterboard lined cold-formed steel walls 
was undertaken using both full-scale fire tests and numerical studies. In this study a back-blocking 
technique was used to eliminate the plasterboard joints being located over the studs. Instead 
plasterboard joints were used between studs with 150 mm wide plasterboards as back-blocks. Both 
experimental and numerical results from this study show that the fire resistance rating of single 
plasterboard lined cold-formed steel walls can be increased by 25% through the use of a back-blocking 
joint arrangement in comparison to the traditional plasterboard joint arrangement over the studs.  
1 INTRODUCTION 
Light gauge steel frame (LSF) walls have been extensively used in residential, industrial and 
commercial buildings as primary load-bearing structural members. These walls also act as separating 
elements between adjacent fire compartments and resist the spread of fire, heat and toxic gases into the 
compartment. LSF walls are commonly made of cold-formed steel frames and are lined with gypsum 
plasterboards and insulation. Gypsum plasterboard is used to provide an aesthetic appearance and to 
delay the stud temperature rise and obtain the required Fire Resistance Rating (FRR), while insulation is 
primarily used for acoustic purposes. Gypsum plasterboard also provides lateral restraint to wall studs and 
resists minor-axis buckling and twisting. The type and thickness of plasterboards used will significantly 
influence the FRR of LSF wall panels. The plasterboard type includes specially manufactured fire 
resistant gypsum plasterboards or the general purpose plasterboards.  
In general, the plasterboard joints in single plasterboard lined LSF walls are located                                                                                                                                                                                                                                                                                                                                                         
(vertically) over the studs. Recent experimental studies [1-3] conducted on the fire performance of LSF 
walls have shown that plasterboard joints over the studs significantly influenced the stud temperature rise. 
In these fire tests, studs which had the vertical plasterboard joints over them showed higher temperatures 
than those without them. This is due to the opening up of plasterboard joints, as the plasterboard shrinks 
due to the loss of moisture and thus causing the studs to fail by flexural-torsional buckling much earlier 
than when lateral plasterboard restraints were present. Plasterboard joints are unavoidable, but can be 
arranged in a way to not significantly influence the fire performance of LSF walls. Hence a research study 
into the effects of plasterboard joints on the fire performance of single plasterboard lined LSF walls was 
undertaken using both full scale fire tests and numerical studies. This paper presents the results of this 
study and proposes new plasterboard joint arrangements to enhance the fire performance of LSF walls. It 
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also describes the structural and fire performance of LSF walls with back-blocking plasterboard joints in 
comparison to the fire tests conducted with plasterboard joints along the studs. 
2 FACTORS INFLUENCING FIRE RESISTANCE OF LSF WALLS 
Many experimental and numerical studies have been conducted on the fire performance of LSF walls. 
These studies have shown that many factors influence the fire resistance of LSF walls. The experimental 
studies conducted by [4] have shown that gauge size and thickness of studs, spacing of studs, insulation 
types and thicknesses, resilient channel installation and load intensity influenced the fire resistance of 
load-bearing LSF walls. Their studies also highlighted that insulation type and number of gypsum 
plasterboard layers significantly affected the fire performance of LSF walls. Furthermore, LSF walls 
without insulation provided higher fire resistance compared to cavity insulated walls. Also the use of rock 
fibre insulation outperformed glass fibre and cellulose fibre insulations. The number of plasterboard 
layers had a significant effect on fire resistance rating, where double plasterboard lined walls provided 
higher fire resistance than a single layer plasterboard lined walls. The studies conducted by [1] 
demonstrated the superior performance of externally insulated LSF walls over the cavity insulated walls, 
i.e. nearly 20% increase in FRR when compared with the conventional cavity insulated walls. Their study 
also confirmed that rock fibre insulation provided higher fire resistance than glass fibre and cellulose 
insulations in cavity insulated and externally insulated LSF walls. There are also other factors that 
influence the fire performance of LSF walls such as the type of screw fasteners, plasterboard joint 
arrangements and plasterboard fall-off. Of these the location of the plasterboard joints is expected to 
significantly influence the failure of the studs. In normal construction practice the plasterboard joints are 
placed over the studs. During a fire, plasterboard joints will open up as the plasterboard shrinks due to 
moisture loss. Hence it will expose the stud to higher temperatures and fail much earlier than the studs 
without plasterboard joints. Previous experimental studies [1-3] conducted on the fire performance of 
LSF walls have also confirmed that the studs that had the vertical plasterboard joints over them showed 
higher temperatures than those without them.  
3 EFFECTS OF PLASTERBOARD JOINTS 
Plasterboard joints are usually located along the studs in LSF walls (Figure 1). The recessed edges 
along the edge of the plasterboards are filled with two nearly equal thickness joint filler coats and finished 
to the top level of the plasterboard. Although it is sealed, it is the weakest section of the LSF wall panel in 
terms of protecting the stud from the temperature rise. During a fire, gypsum plasterboard becomes 
weaker as the free and chemically bound water particles evaporate at about 100oC and 150oC, 
respectively. Hence as the plasterboard shrinks, cracks develop and plasterboard joints open up. Thus it 
will expose the studs directly to furnace temperatures, especially in single plasterboard lined walls.  
 
 
 
 
 
 
 
 
 
 
Figure 1. Plasterboard joints along the studs. 
Previous tests of single plasterboard lined load-bearing LSF walls confirmed that the studs which had 
the vertical plasterboard joint showed higher stud hot flange temperatures (Figure 2). Fire test of single 
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plasterboard lined wall specimen [1] under standard fire exposure [5] failed at 53 minutes due to the 
plasterboard fall-off near the failure. It is clear that if the plasterboard fall-off has not occurred the stud 
could have survived until 65 minutes (Figure 2(a)). Similarly, in another test (Test LSF3a) conducted for 
the Eurocode parametric fire exposure [6], Studs 2 and 4 with the vertical plasterboard joints showed 
higher temperatures throughout the fire test (Figure 2(b)) [2]. This wall panel failed at 39 minutes, and if 
the plasterboard joints have been avoided along the studs the failure could have been about 47 minutes. 
Similar temperature increase was also visible in the fire tests conducted for the LSF walls made of a 
hollow flange stud section (Figure 2(c)) [3]. Hence it is clear that having plasterboard joints along the 
studs will significantly influence the temperature rise of those studs. As mentioned, this is due to the 
opening up of plasterboard joints at high temperatures. The gypsum plasterboard when exposed to fire 
will undergo different processes and reactions. At about 100 to 150oC dehydration reactions occur, where 
the free and chemically bound water will evaporate from the gypsum plasterboard. At 400oC exothermic 
reaction occurs, in which the soluble crystal is restructured to lower soluble energy state. Also at 670oC, 
decomposition of Calcium Carbonate will occur [7-9]. Due to these reactions and processes at elevated 
temperatures, plasterboard shrinks and joints open up. Hence studs with the plasterboard joint show 
higher temperatures than those without the plasterboard joints. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) Test 1 failed at 53 mins [1].                                   (b) Test LSF3a failed at 39 mins [2]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(c) Test 1 failed at 137 mins [3]. 
Figure 2. Stud time-temperature curves from fire tests [1-3]. 
In this study to eliminate the plasterboard joints over the studs, the so-called back-blocking technique 
used in the standard ceiling design was applied to LSF walls. The back-blocks are used in the 
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construction of plasterboard lined floor and ceilings to prevent cracking of plasterboard joints, where the 
plasterboard joints were not along the rafters/joists. Hence this method was used in LSF walls, where 
vertical plasterboard joints over the studs are now located between the studs with 150 mm wide 
plasterboards as back-blocks (Figure 3). This back-blocking gypsum plasterboard is centrally placed 
along the full length of the sheet’s edge and the plasterboards are screwed together. 
 
 
 
 
 
 
 
 
 
Figure 3. Plasterboard joints with back-blocks. 
4 EXPERIMENTAL STUDIES 
Two full scale fire tests were conducted on load bearing LSF walls (Table 1). Test walls were made of 
conventional lipped channel section studs (90 x 40 x 1.15) of 2.4 m in height, which were connected to 
2.1 m wide channel section tracks at both ends at spacings of 600 mm [1-3]. This cold-formed steel frame 
was lined with single layer of 16 mm thick plasterboards on both sides at a screw spacing of 300 mm. 
However, at the joints the screw spacing was staggered at 200 mm. The plasterboard joint location was 
the only variable parameter in these two test specimens. In Test 1, conventionally used vertical 
plasterboard joint was used, where the plasterboard joints were located along Studs 2 and 4. In Test 2, the 
new plasterboard joint arrangement (Figure 3) was used. The plasterboard joint above the stud surface 
was eliminated and the joint was exactly placed in the middle of two studs and stabilised by 150 mm wide 
back-blocks (Figure 4). Thermocouples were attached to the steel stud and plasterboard surfaces. The 
plasterboard joints were filled with joint sealant (BaseCote90TM) manufactured by Boral Plasterboard to 
the width of the recessed edge and then cellulose based joint tape of 50 mm wide was placed between the 
two coats of joint filler. The fabricated wall specimen was then placed on the loading frame and each of 
the studs was loaded up to 15.5 kN, which is 20% of their ultimate capacity at ambient temperature. The 
load was maintained for nearly 10 minutes and then one side of the wall was exposed to the standard fire 
time-temperature curve [5]. Load, axial deformation, lateral deflection and temperatures were recorded. 
Table 1. Test wall panel configurations. 
 
 
  Test 1 Test 2 
Test wall panel 2.1 m x 2.4 m 
Stud Spacing 600 mm 
Studs Sizes 90 x 40 x 15 x 1.15 mm 
Load Ratio 0.20 ( 15.5 kN per stud) 
Plasterboard Layers (nos) One layer  
Plasterboard Type Firestop Gypsum plasterboard 
Fire Curve Standard ISO Fire Curve [5] 
Plasterboard Joint Location 
Along the Studs  
(along Studs 2 and 4)  
In between the Studs                 
(with 150 mm Back-blocks) 
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Figure 4. Construction of test wall panels. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
Figure 5. Experimental time-temperature curves – Tests 1 and 2 
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In both test specimens exposed to the ISO standard fire curve [5], the target fire curve was achieved 
reasonably well (within 30oC) as shown in Figures 5 (a) and (b). Also in both tests, the structural failure 
of studs occurred instead of insulation or integrity failure. Test 1 failed after 58 minutes of fire exposure. 
As expected in Test 1, Studs 2 and 4 which had the fire side vertical plasterboard joints showed higher 
temperature than the other two studs. The opening up of fire side vertical plasterboard joint over Stud 2 
initiated the failure and a local compressive failure occurred at nearly 1/4th height of Stud 2. Also Stud 2 
displayed torsional buckling, which could have occurred near the failure as the cracked fire side 
plasterboards and dehydrated ambient side plasterboards were unable to resist it (Figure 6(a)).  
Test specimen 2 did not have any plasterboard joints along the studs. Instead it had a back-blocking 
arrangement between the studs for the fire side vertical plasterboards. Test 2 was able to sustain the 
applied compressive load for a longer duration than Test 1 and failed after 74 minutes of fire exposure. 
Similar to Test 1, fire side plasterboard joints also opened up in Test 2 (Figure 6), but it did not 
significantly influence the stud temperatures (Figures 5 (c) and (d)). The stud hot flange temperatures in 
all four studs merged well and the difference was less than that of Test 1 stud hot flange temperatures. 
Thermocouple attached to the hot flange of Stud 1 in Test 2 only recorded until 41 minutes, hence it was 
ignored. Studs 3 and 4 failed locally, and many local buckling waves were visible along the studs. Also 
neither torsional buckling nor flexural-torsional buckling was observed in Test 2 studs. Thus it indicates 
that the failure was due to a gradual temperature rise and plasterboards were intact with the studs and 
protected the stud temperature rise. Hence this test results show that LSF wall with a back-blocking joint 
arrangement increased the stud failure time by 25% (58 to 74 minutes) compared to the conventional 
plasterboard joint arrangement over the studs. This is a significant increase in FRR for single plasterboard 
lined LSF walls. Further, the local compressive failure of studs confirms that gypsum plasterboards were 
present until the failure of studs and provided the required lateral restrains. In Test 1, plasterboards were 
fixed to studs with screws within 10 mm from the plasterboard edges along the joints. This could also 
have influenced the opening up of plasterboard joints (Figure 6(a)). However, having back-blocks and 
joints between the studs eliminated this issue and protected the studs being exposed to high furnace 
temperatures. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Test specimens after fire tests – Tests 1 and 2. 
5 NUMERICAL STUDIES  
The structural behaviour of LSF wall stud under fire conditions was then simulated using FEM 
(Finite Element Modelling) using ABAQUS. The element type and mesh size were selected based on the 
studies conducted by [10-13]. The mechanical properties of the steel at elevated temperatures were based 
(a) Test 1 (b) Test 2 
Fire side Plasterboard 
Pb joint 
Stud 2 
Pb joint 
Stud 3 Stud 4 
Pb joint Fire side Plasterboard 
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on the reduction factors proposed by [14] for Australian cold-formed steels. The local geometric 
imperfection of 0.6 mm (b/150) was used with the critical eigen buckling mode shape. Steady state 
analysis was conducted using the measured stud time-temperature curves obtained from the fire tests for 
the failed studs (Stud 2 in Test 1 and Stud 3 in Test 2). In the steady state analysis, the studs were raised 
to the experimental temperatures for different time periods and then the load was increased until the 
failure to obtain the FRR/failure stud temperatures versus ultimate compression load relationships.  
Figure 7 shows the load ratio versus stud failure time (FRR) obtained from FEA using the time-
temperature curves of the failed studs in Tests 1 and 2 at different time intervals. Here the load ratio is 
defined as the ultimate compression load of stud exposed to fire to that at ambient temperature. Figure 7 
highlights that there is a significant difference between the FRR for load ratios at different intervals. For 
instance, FRR of Test specimens 1 and 2 are 25 and 33 minutes, respectively, for a load ratio of 0.6. Thus 
FRR of Test specimen 2 is 32% higher than that of Test specimen 1. However, at lower load ratios, this 
improvement is further increasing as seen in Figure 7(a). Hence it can be concluded that if the stud 
temperature rise due to the effect of plasterboard joint along the studs can be eliminated the FRR of LSF 
wall systems lined with single layer of gypsum plasterboards will increase by more than 25%. This also 
suggests the importance of adapting improvised plasterboard joint arrangement for the fire design of LSF 
wall systems. The construction of Test specimen 2, i.e. having plasterboard joints between the studs and 
back-blocking the plasterboard joint could be costly in terms of workmanship. But considering the 
increase in FRR of single plasterboard lined LSF walls, it is less expensive than adding layers of 
plasterboard to achieve the required FRR. Another solution is to manufacture plasterboards with modified 
plasterboard edges and use them as shown in Figures 7 (b) and (c) [15] instead of using back-blocking.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Steady state FEA results proposed plasterboard edge layouts  
6 CONCLUSIONS 
This paper has summarized the main parameters that influence the fire resistance rating (FRR) of LSF 
walls from previous studies and highlighted the significant influence of plasterboard joint arrangements in 
the fire design of single plasterboard lined LSF walls. It has quantified the effect of plasterboard joints on 
the FRR of LSF walls based on both experimental and numerical studies conducted for the conventional 
and the new plasterboard joint arrangements. Two full-scale fire tests of single plasterboard lined LSF 
walls were conducted in this study and their structural and thermal performances are described in this 
paper. The measured stud time-temperature distributions were used in the numerical studies and the load 
ratio versus stud failure time (FRR) relationships were obtained. Both experimental and numerical results 
show that the fire resistance rating of LSF wall with back-blocking plasterboard joint arrangement 
increased by 25% compared to the traditional plasterboard joint arrangement used over the studs. This is 
25 & 33 mins 
41 & 55 mins 
(a) Steady state FEA results for Tests 1 and 2 
 
16 mm 
25 mm 
6.25mm 
 
8 mm 
25 mm 
16 mm 
(b) Plasterboard edge – Method 1 [15] 
(c) Plasterboard edge – Method 2 [15] 
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a significant increase in FRR for single plasterboard lined LSF walls, as they are not a preferred wall 
configuration due to its susceptibility to plasterboard fall off compared to other LSF wall configurations.   
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